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14.  abstract  (maximum  200  words)  Context.  A  nation  wide  epidemiological  investigation  was  undertaken  in  response  to  Gulf 
War  Veterans’  concerns  of  high  rates  of  amyotrophic  lateral  sclerosis  (ALS).  Objective.  To  determine  if  Gulf  War  veterans 
have  an  elevated  rate  of  ALS.  Design.  A  field  epidemiological  study  to  ascertain  all  occurrences  of  ALS  for  the  10-year 
period  since  August,  1990.  Target  group:  military  personnel  deployed  to  S.W.  Asia  during  the  Gulf  War;  comparison  group: 
Gulf-era  non-deployed  military  personnel.  Participants.  All  active  duty  military  and  mobilized  Reserves,  including  National 
Guard,  who  served  during  the  time  (August  2, 1 190-July  31, 1991)  defined  as  the  Gulf  War  period.  Outcome  measure.  A 
diagnosis  of  ALS  was  confirmed  by  medical  record  review  and,  as  necessary,  neurological  examination.  Risk  was 
assessed  by  the  age-adjusted,  average,  annual  10-year  cumulative  incidence  rate.  Results.  Among  approximately  2.5 
million  eligible  military  personnel,  107  confirmed  cases  of  ALS  were  identified  for  an  overall  occurrence  of  0.43  per  100,000 
persons  per  year.  A  statistically  significant  elevated  risk  of  ALS  occurred  among  all  deployed  personnel  (RR=1.29;  95% 
CL=1 .29,2.84)  and  deployed  active  duty  military  (RR=2.15,  95%CL=1 .38,3.36)  but  not  among  deployed  Reserves  and 
National  Guard  (RR=2.50;  95%CL=0.88,7.07),  Among  service  branches,  a  statistically  significant  elevated  risk  was 
observed  for  deployed  personnel  in  the  Air  Force  (RR=2.38,  95%CL=1 .24,5.78)  and  Army  (RR=2.04%;95%CL=1.1 0,3.77) 
but  not  Navy  (RR=1 .48,95%CL=0.62,3.57)  OR  marine  Corps  (RR=1 .13;95%CL=0.27,4.79).  Overall,  the  attribute  risk 
associated  with  deployment  was  18%  (95%CL=4.9%,29.4%).  Conclusion.  Military  personnel,  especially  Air  Force  and 
Army  personnel,  who  were  deployed  to  SW  Asia  during  the  Gulf  War  period  experienced  a  greater  post-war  risk  of  ALS 
than  those  who  were  not  deployed.  Factors  associated  with  elevated  risk  remain  to  be  determined. 
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Articles 


Occurrence  of  amyotrophic  lateral 
sclerosis  among  Gulf  War  veterans 

R.D.  Homer,  PhD;  K.G.  Kamins,  PhD;  J.R.  Feussner,  MD,  MPH;  S.C.  Grambow,  PhD; 

J.  HofF-Lindquist,  MStat;  Y.  Harati,  MD;  H.  Mitsumoto,  MD,  DSci;  R.  Pascuzzi,  MD;  P.S.  Spencer,  PhD; 
R.  Tim,  MD;  D.  Howard,  MSPH;  T.C.  Smith,  MS;  M.A.K  Ryan,  MD,  MPH;  C.J.  Coffman,  PhD;  and 

E.J.  Kasarskis,  MD,  PhD 


Abstract — Background:  In  response  to  Gulf  War  veterans’  concerns  of  high  rates  of  ALS,  this  investigation  sought  to 
determine  if  Gulf  War  veterans  have  an  elevated  rate  of  ALS.  Methods:  A  nationwide  epidemiologic  case  ascertainment 
study  design  was  used  to  ascertain  all  occurrences  of  ALS  for  the  10-year  period  since  August  1990  among  active  duty 
military  and  mobilized  Reserves,  including  National  Guard,  who  served  during  the  Gulf  War  (August  2,  1990,  through 
July  31,  1991).  The  diagnosis  of  ALS  was  confirmed  by  medical  record  review.  Risk  was  assessed  by  the  age-adjusted, 
average,  annual  10-year  cumulative  incidence  rate.  Results:  Among  approximately  2.5  million  eligible  military  personnel, 
107  confirmed  cases  of  ALS  were  identified  for  an  overall  occurrence  of  0.43  per  100,000  persons  per  year.  A  significant 
elevated  risk  of  ALS  occurred  among  all  deployed  personnel  (RR  =  1.92;  95%  CL  -  1.29,  2.84),  deployed  active  duty 
military  (RR  =  2.15,  95%  CL  =  1.38,  3.36),  deployed  Air  Force  (RR  =  2.68,  95%  CL  -  1.24,  5.78),  and  deployed  Army 
(RR  =  2.04;  95%  CL  =  1.10,  3.77)  personnel.  Elevated,  but  nonsignificant,  risks  were  observed  for  deployed  Reserves  and 
National  Guard  (RR  =  2.50;  95%  CL  =  0.88,  7.07),  deployed  Navy  (RR  =  1.48,  95%  CL  =  0.62,  3.57),  and  deployed  Marine 
Corps  (RR  =  1.13;  95%  CL  =  0.27,  4.79)  personnel.  Overall,  the  attributable  risk  associated  with  deployment  was  18% 
(95%  CL  =  4.9%,  29.4%).  Conclusions:  Military  personnel  who  were  deployed  to  the  Gulf  Region  during  the  Gulf  War 
period  experienced  a  greater  post-war  risk  of  ALS  than  those  who  were  deployed  to  the  Gulf. 

NEUROLOGY  2003;61:742-749 


Shortly  after  the  end  of  the  Gulf  War,  military  per¬ 
sonnel  who  had  been  deployed  to  the  Gulf  Region 
began  reporting  a  variety  of  symptoms,  such  as 
memory  loss,  headaches,  joint  pains,  chronic  fatigue, 
and  nervous  system  disorders.  Diagnoses  among 
these  Gulf  War  veterans  ranged  from  undiagnosed 
illness  to  ALS,  a  progressive  degenerative  neurologic 
disorder  that  is  generally  fatal  within  5  years  of 
diagnosis. 

In  early  1999,  representatives  of  Gulf  War  veter¬ 
ans  expressed  their  concern  to  the  Chief  Research 
and  Development  Officer  of  the  Department  of  Veter¬ 
ans  Affairs  (VA)  that  ALS  was  occurring  at  a  higher 
than  expected  rate  among  Gulf  War  veterans.  They 
requested  an  investigation  of  the  situation.  During 


the  spring  and  summer  of  1999,  a  series  of  expert 
panels  met  and  reviewed  the  ad  hoc  evidence  on  the 
occurrence  of  ALS  among  Gulf  War  veterans.  Evi¬ 
dence  from  a  limited  mortality  study  indicated  that 
Gulf  War  veterans  were  not  experiencing  a  greater 
than  expected  mortality  rate  from  ALS.1  Unpub¬ 
lished  internal  studies  based  on  small  case  series 
yielded  a  similar  conclusion.2-3  However,  the  panel 
members  expressed  concern  about  the  number  of 
cases  occurring  among  relatively  young  individuals 
for  a  rare  disease  that  is  very  unusual  among  per¬ 
sons  under  45  years  of  age. 

Following  the  standard  epidemiologic  approach  to 
investigating  a  report  of  an  unusual  disease  occur¬ 
rence,  the  first  step  was  to  document  that  the  occur- 
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rence  of  ALS  among  Gulf  War  veterans  was  truly 
above  expected  levels.4  Documentation  of  an  elevated 
occurrence  could  result  in  service-connected  benefits 
for  those  Gulf  War  veterans  who  were  afflicted.  It 
would  also  present  an  opportunity  for  an  etiologic 
investigation  of  a  disease  that,  in  most  cases,  has  an 
uncertain  etiology;  knowledge  of  etiology  or  risk 
factors  could  be  useful  in  designing  effective  disease 
prevention  efforts.  Accordingly,  we  conducted  an  epide¬ 
miologic  investigation  to  determine  if  a  higher  than 
expected  rate  of  ALS  occurred  among  military  person¬ 
nel  who  were  deployed  to  the  Gulf  Region  during  the 
Gulf  War,  as  compared  to  those  who  were  not  deployed. 
We  specified  a  priori  that  both  the  significance  and 
magnitude  of  the  relative  risk  (i.e.,  an  elevation  in  the 
range  of  twofold)  were  important  considerations  in  in¬ 
terpreting  the  results.  This  report  presents  the  find¬ 
ings  of  the  investigation. 

Methods.  Study  design.  A  nationwide,  epidemiologic  case  as¬ 
certainment  study  design  was  used  to  identify  all  new  occurrences 
of  ALS  among  Gulf  War  veterans  since  the  initial  deployment  in 
August  1990.  The  study  activities  included  nationwide  case  ascer¬ 
tainment,  neurologic  examinations  when  required,  and  in-home 
interviews  of  veterans  with  ALS,  their  representatives,  or  both 
regarding  various  exposures.  The  study  design  and  protocols  were 
reviewed  and  approved  by  the  Institutional  Review  Board  at  each 
performance  site,  including  the  Durham  VA  Medical  Center, 
Durham,  NC;  Lexington  VA  Medical  Center  and  the  University  of 
Kentucky,  Lexington,  KY;  and  the  Portland  VA  Medical  Center 
and  the  Oregon  Health  and  Science  University,  Portland,  OR. 

Study  population .  The  study  population  was  defined  as  all 
active  duty  military  and  mobilized  Reserves  and  National  Guard 
who  served  for  at  least  1  month  at  any  time  during  the  period  of 
August  2,  1990,  through  July  31,  1991,  defined  as  the  Gulf  War 
period.  Mobilized  Reservists  and  members  of  the  National  Guard 
were  those  who  were  activated  and  called  up,  being  either  de¬ 
ployed  to  the  Gulf  Region  or  back-filling  positions  of  military  per¬ 
sonnel  who  were  deployed. 

The  deployed  military  personnel  were  the  exposed  population, 
with  the  referent  population  being  Gulf-era  military  personnel  not 
deployed  to  the  Gulf  Region  during  the  Gulf  War  period.  Military 
personnel  were  defined  as  deployed  if  they  served  in  the  Gulf 
Region  theater  during  Operations  Desert  Shield  and  Desert  Storm 
or  in  the  period  immediately  after  Desert  Storm  (i.e.,  clean-up).5 
Although  the  geographic  region  that  constituted^  being  in-theater 
varied  somewhat  among  the  service  branches,  the  ultimate  defin¬ 
ing  characteristic  used  by  the  military  was  whether  the  individual 
received  hazardous  duty  pay.  Thus,  military  personnel  were  con¬ 
sidered  in-theater  (i.e.,  deployed)  if  they  were  in  the  Gulf  Region 
(Saudi  Arabia,  Kuwait  and  the  other  Arab  Emirates,  Turkey,  Di¬ 
ego  Garcia,  or  on  the  Red  Sea)  or  received  hazardous  duty  pay 
during  the  Gulf  War.  All  other  individuals  in  the  study  population 
were  defined  as  nondeployed,  although  they  may  have  been  sta¬ 
tioned  outside  the  United  States. 

Study  eligibility  criteria.  All  eligible  subjects  had  to  be  in  the 
study  population  as  defined  above  and  have  had  a  diagnosis  of 
ALS  made  by  a  health  care  provider  after  August  1,  1990. 

Case  ascertainment  Both  passive  and  active  case  ascertain¬ 
ment  was  employed  to  identify  eligible  subjects  nationwide.  Pas¬ 
sive  ascertainment  involved  a  toll-free  telephone  number  that 
individuals  could  call  if  they  believed  they  were  eligible  for  the 
study.  The  telephone  number  and  the  criteria  for  inclusion  were 
publicized  in  military  and  nonmilitary  media,  primarily  press  re¬ 
leases  to  newspapers  nationally.  Subjects  were  also  solicited 
through  notices  published  on  relevant  Internet  sites  (such  as  that 
of  the  ALS  Association)  and  mass  mailings  of  study  brochures  to 
practicing  neurologists  who  were  members  of  the  American  Acad¬ 
emy  of  Neurology,  all  neurologists  at  VA  medical  centers,  and 
members  of  Veteran  Service  Organizations.  All  individuals  who 
called  the  toll-free  number  were  screened  for  eligibility  and  will¬ 
ingness  to  participate  in  the  study. 


Active  case  ascertainment  involved  screening  extant  VA  and 
Department  of  Defense  (DoD)  inpatient,  outpatient,  and  phar¬ 
macy  medical  databases  using  the  International  Classification  of 
Diseases  (9th  Revision,  Clinical  Modification)  diagnostic  code  for 
ALS  (335.20)  or  use  of  riluzole,  a  drug  indicated  for  the  treatment 
of  ALS.  VA  and  DoD  benefit  files  and  TriCare  (a  military  health 
insurance  plan)  were  also  searched  for  individuals  with  a  diagno¬ 
sis  of  ALS.  Subjects  identified  through  the  screening  of  the  extant 
databases  were  first  sent  a  letter  describing  the  study  and  then 
telephoned  to  confirm  their  eligibility  and  determine  their  willing¬ 
ness  to  participate  in  the  study.  If  a  telephone  number  was  un¬ 
available,  the  individual  was  requested  to  call  the  toll-free 
number,  if  interested  in  participating.  No  financial  incentives 
were  offered  for  study  participation.  However,  individuals  may 
have  self-identified  in  anticipation  of  financial  gain  either  through 
litigation  or  service-connected  benefits,  although  at  the  time  of  the 
study,  benefits  were  not  available  for  Gulf  War  veterans  with  ALS 
who  were  diagnosed  more  than  1  year  after  separation  from  ser¬ 
vice  (i.e.,  the  period  for  determining  service-connected  disease 
eligibility). 

Eligible  subjects  were  sent  an  enrollment  packet  that  consisted 
of  a  written  consent  form  and  release  of  medical  record  informa¬ 
tion  form.  The  subject  completed  and  returned  the  forms  to  the 
investigative  team  in  Durham,  NC.  If  the  veteran  was  deceased, 
written  consent  to  participate  and  release  of  medical  record  infor¬ 
mation  was  sought  from  his  or  her  legally  authorized  representa¬ 
tive  whenever  possible. 

Case  definition  and  verification.  For  all  enrolled  subjects,  dis¬ 
ease  status  was  determined  according  to  the  most  recent  World 
Federation  of  Neurology  (WFN)  El  Escorial  criteria  for  ALS.67 
These  criteria  include  the  presence  of  lower  motor  neuron  degen¬ 
eration  (by  clinical,  electrophysiologic,  or  neuropathologic  evi¬ 
dence),  upper  motor  neuron  degeneration  (by  clinical  evidence), 
and  progressive  spread  of  signs  or  symptoms  within  or  beyond  the 
affected  regions  by  history  or  clinical  examination.  Moreover, 
there  had  to  be  an  absence  of  electrophysiologic,  pathologic,  or 
neuroimaging  evidence  of  other  diseases  that  might  explain  the 
signs  or  symptoms.  A  case  was  defined  broadly  as  any  subject  who 
met  the  criteria  for  clinically  definite,  probable,  probable  with 
supporting  laboratory  evidence,  possible,  or  suspected  ALS  (i.e., 
either  lower  or  upper  motor  neuron  signs  and  symptoms  only).  As 
an  alternative,  more  conservative  definition,  cases  were  excluded 
if  defined  as  suspected  ALS. 

Disease  status  of  ALS  was  verified  by  medical  record  review.  If 
the  subject  was  deceased,  disease  status  was  confirmed  by  medical 
record  review  whenever  possible;  in  the  absence  of  medical 
records,  confirmation  of  disease  status  was  by  the  underlying 
cause  of  death  on  the  death  certificate.  Medical  records  were  ob¬ 
tained  from  the  subjects’  medical  providers.  Each  subject’s  medi¬ 
cal  record  was  randomly  assigned  to  two  of  the  five  study 
neurologists,  who  were  specialists  in  ALS.  Disagreements  in  the 
diagnosis  were  resolved  by  consensus  among  the  reviewing  neu¬ 
rologists  through  discussions  of  the  medical  record  data.  Disagree¬ 
ments  regarding  the  diagnosis  being  ALS  occurred  in  only  three 
cases;  however,  in  three  additional  cases,  the  reviewing  neurolo¬ 
gists  agreed  that  further  information  was  required  and  the  subject 
underwent  a  neurologic  examination  to  determine  the  diagnosis. 

For  known  deceased  subjects,  consent  to  obtain  medical 
records  and  a  copy  of  the  death  certificate  was  requested  from  the 
subject’s  legal  representative.  If  medical  records  were  incomplete 
or  unobtainable,  but  primary  cause  of  death  was  listed  as  ALS  on 
the  death  certificate,  the  subject  was  classified  as  ALS  definite.  In 
the  case  of  known  deceased  subjects  for  whom  we  were  unable  to 
locate  next  of  kin,  a  copy  of  their  death  certificate  was  requested 
through  the  National  Death  Index  (NDI),  which  was  current 
through  December  31,  1999.  If  we  were  unable  to  contact  the  next 
of  kin  for  any  deceased  subject  who  died  after  December  31,  1999, 
the  death  certificate  data  were  requested  from  the  Veterans  Ben¬ 
efits  Administration. 

Deployment  status  and  service  branch  during  the  Gulf  War 
period  were  based  on  data  from  the  DoD  Defense  Manpower  Data 
Center  (DMDC).  In  15  instances  there  was  disagreement  between 
the  subject’s  (or  the  legal  representative’s)  report  of  his  or  her 
deployment  status  during  the  Gulf  War  and  the  data  from  the 
DMDC.  These  discrepancies  included  12  subjects  who  indicated 
they  were  deployed  to  the  Gulf  Region  during  the  Gulf  War  period 
and  3  who  indicated  that  they  had  not  been  deployed.  Because  the 
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Table  1  Demographic  and  military  service  characteristics  of 
military  personnel  during  the  Gulf  War,  by  DMDC-based 
deployment  status  and  disease  status  (%) 


Deployed  personnel 

Nondeployed 

personnel 

Characteristics 

Total* 
n  =  696,118 

ALS* 
n  =  40 

Total* 

n  =  1,786,215 

ALS* 
n  *=  67 

Age  in  1990,  y 

24  or  younger 

50.2 

15.0 

43.4 

9.0 

25-34 

34.8 

42.5 

36.4 

34.3 

35-44 

13.0 

27.5 

17.4 

38.8 

45-54 

1.8 

15.0 

2.6 

16.4 

55  or  older 

0.1 

0.0 

0.2 

1.5 

Missing 

0.1 

0.0 

0.1 

0.0 

Race/ethnicity 

White 

70.7 

77.5 

75.2 

67.2 

Black 

22.8 

10.0 

19.3 

14.9 

Other 

6.3 

10.0 

5.4 

11.9 

Unreported 

0.1 

2.5 

0.1 

6.0 

Male  sex 

92.8 

95.0 

86.8 

100.0 

Unit 

Active 

84.4 

77.5 

92.2 

91.0 

Reserves/N  ational 

15.6 

22.5 

7.8 

9.0 

Guard 

Service  branch 

Air  Force 

11.9 

22.5 

29.3 

35.8 

Army 

50.4 

52.5 

33.0 

29.8 

Marine  Corps 

14.9 

7.5 

8.2 

7.5 

Navy 

22.8 

17.5 

29.5 

26.9 

*  Source:  US  Department  of  Defense  Manpower  Data  Center 
(DMDC). 


DMDC  records  are  recognized  to  have  a  5%  error  rate  for  deploy¬ 
ment  identification  data  from  the  Gulf  War  era,  deployment  sta¬ 
tus  was  also  based  on  the  subject’s  self-report  as  an  alternative 
approach  to  defining  this  key  variable.8 

Data  analysis.  The  fundamental  measure  of  disease  occur¬ 
rence  was  the  10-year  cumulative  incidence  rate  that  was  calcu¬ 
lated  as  the  number  of  cases  identified  divided  by  the  population 
at  risk.  The  cumulative  incidence  was  expressed  as  an  average, 
annual  rate  per  100,000  persons.  Age-adjusted  rates  were  com¬ 
puted  by  direct  adjustment  using  the  total  study  population  as  the 
standard  and  were  based  on  the  earliest  noted  age  at  onset  of  the 
disease  as  determined  by  the  medical  record  review;  when  un¬ 
known,  age  at  onset  was  imputed  by  regression  using  data  from 
deceased  subjects  for  whom  age  at  onset  was  known.9 11  The  risks 
among  the  deployed  and  nondeployed  populations  were  compared 
using  the  age-adjusted  risk  ratio;  95%  confidence  limits  (CL)  were 
calculated  based  on  the  methods  outlined  by  Rothman  and  Green¬ 
land.12  To  assess  the  absolute  impact  of  deployment  on  the  occur¬ 
rence  of  ALS  and  the  proportion  of  occurrence  attributable  to 
deployment,  we  calculated  the  risk  difference  and  age-adjusted 
attributable  risk  (expressed  as  a  percentage)  and  95%  CL  per 
Rothman  and  Greenland.12 

Results.  Study  population.  There  were  2,482,333  individuals 
who  were  on  active  duty  or  activated  Reserve  status  during  the 
Gulf  War,  of  whom  696,118  were  deployed  to  the  Gulf  Region. 
Table  1  presents  the  demographic  and  military  service  character¬ 
istics  of  these  individuals  at  the  time  of  the  Gulf  War  according  to 


Figure .  Study  recruitment  flow.  GW  =  Gulf  War. 


their  DMDC-based  deployment  status.  Relative  to  nondeployed 
Gulf-era  personnel,  deployed  personnel  were  younger  and  slightly 
more  likely  to  be  nonwhite  and  to  be  men.  Deployed  forces  also 
were  comprised  of  a  greater  proportion  of  mobilized  Reserves  and 
National  Guard,  Army,  and  Marine  Corps  personnel. 

Case  ascertainment.  From  the  initial  passive  and  active  case 
ascertainment  phase,  516  potentially  eligible  cases  of  ALS  were 
identified  (figure).  Of  these  individuals,  476  (92.2%)  were  success¬ 
fully  contacted;  a  valid  address  or  working  telephone  number  was 
not  available  for  the  remaining  7.8%.  Among  the  476  potential 
cases  who  were  contacted,  307  (64.5%)  were  ineligible  for  the 
study.  For  279  (91%)  of  the  307  individuals,  the  diagnosis  of  ALS 
was  unlikely  based  on  the  subjects’  reported  diagnosis  or  their 
description  of  their  disease — i.e.,  they  either  indicated  they  were 
not  diagnosed  with  ALS  or  reported  that  they  were  not  having 
symptoms  of  ALS  such  as  progressive  difficulty  walking;  progres¬ 
sive  weakness  in  their  legs,  arms,  or  hands;  progressive  difficulty 
in  hand  or  arm  movement;  or  difficulty  chewing  or  speaking.  The 
remaining  28  (9%)  of  the  307  individuals  had  a  diagnosis  date 
before  August  2,  1990,  had  not  been  on  active  duty,  or  had  not 
been  activated  and  called  up  during  the  Gulf  War  period.  Of  the 
476  contacted  potential  cases,  6  (1.3%)  refused  to  be  screened  for 
eligibility.  Thus,  from  among  the  476  potential  cases,  the  number 
of  cases  who  were  eligible  for  the  study  and  progressed  to  case 
verification  was  163  (34.2%).  Only  23  (14.1%)  of  these  163  eligible 
cases  were  identified  solely  by  passive  methods,  with  the  balance 
having  been  identified  by  active  case  ascertainment  methods;  65% 
of  all  eligible  cases  were  identified  in  two  or  more  data  sources. 
Deployed  and  nondeployed  cases  were  similar  in  the  proportions 
identified  by  the  various  methods:  passive  methods  alone,  active 
methods  alone,  or  a  combination  of  both  active  and  passive  meth¬ 
ods,  with  approximately  17%  of  deployed  and  12%  of  nondeployed 
identified  by  passive  means  alone. 
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Table  2  Age-adjusted,  average,  annual  10-year  cumulative  incidence  of  ALS  among  military  personnel  by  DMDC-reported  deployment 
status  during  the  Gulf  War 


Defense  Manpower  Data  Center  (DMDC)-reported  deployment  status 

Deployed,  n 

=  696,118 

Nondeployed,  n 

=  1,786,215 

Population 

Population 

Cases 

Rate* 

Population 

Cases 

Rate* 

Risk  ratiot  (95%  CL) 

Total 

696,118 

40 

0.67(0.46,0.88) 

1,786,215 

67 

0.35  (0.27,  0.44) 

1.92  (1.29,  2.84) 

Unit 

Active  duty 

587,426 

31 

0.73  (0.46,  0.99) 

1,646,926 

61 

0.34  (0.25,  0.42) 

2.15  (1.38,  3.36) 

Reserves/National  Guard 

108,692 

9 

0.94  (0.32, 1.56) 

139,289 

6 

0.38  (0.07,  0.68) 

2.50  (0.88,  7.07) 

Service  branch 

Air  Force 

82,639 

9 

1.21  (0.42,  2.01) 

523,763 

24 

0.45  (0.27,  0.63) 

2.68  (1.24,  5.78) 

Army 

351,046 

21 

0.66  (0.37,  0.94) 

588,740 

20 

0.32  (0.18,  0.46) 

2.04  (1.10,  3.77) 

Marine  Corps 

103,612 

3 

0.33  (0.00,  0.71) 

146,294 

5 

0.29  (0.03,  0.55) 

1.13  (0.27,  4.79) 

Navy 

157,969 

7 

0.53  (0.13,  0.92) 

486,559 

18 

0.35  (0.19,  0.52) 

1.48  (0.62,  3.57) 

*  Average  annual  rate  per  100,000  persons  during  the  10-year  period  beginning  August  2,  1990.  Total  study  population  used  as  the 
standard. 

t  Risk  ratio:  Risk  of  patients  with  ALS  given  deployment  to  the  Gulf  Region  during  the  Gulf  War;  nondeployed  Gulf-era  military  per¬ 
sonnel  are  the  referent  population. 

CL  =  confidence  limits. 


Case  verification.  Among  the  163  eligible  cases,  24  (14.7%) 
who  initially  indicated  willingness  to  participate  in  the  study  sub¬ 
sequently  refused;  of  these,  10  (41.7%)  had  been  deployed  to  the 
Gulf  Region.  An  additional  17  (10.4%)  subjects  had  not  provided 
authorization  for  medical  record  access  by  the  end  of  the  study. 
Medical  record  reviews  or  death  certificates  were  obtained  for  122 
(74.8%)  subjects.  Those  who  refused  to  participate  or  who  never 
provided  written  authorization  for  record  review  were  similar  to 
those  who  participated  in  terms  of  age,  race/ethnicity,  sex,  service 
unit  status  (active  or  Reserves/National  Guard),  service  branch, 
and  deployment  status. 

The  diagnosis  of  ALS,  including  all  levels  of  certainty  from 
definite  to  suspected,  was  confirmed  for  107  (87.7%)  of  the  122 
participating  potential  cases;  level  of  diagnostic  certainty  was  sus¬ 
pected  ALS  for  11  of  these  individuals,  of  whom  5  had  been  de¬ 
ployed  to  the  Gulf  Region  during  the  Gulf  War  period.  A  familial 
history  of  ALS  was  present  for  six  cases,  two  of  whom  had  been 
deployed.  The  diagnosis  for  13  (10.6%)  individuals  was  based  on 
NDI  data  alone  because  sufficient  medical  record  data  could  not 
be  obtained.  A  total  of  15  (12.3%)  of  the  122  potential  cases  were 
determined  not  to  have  ALS  per  the  study  criteria;  10  of  these  15 
subjects  had  been  deployed  to  the  Gulf  Region  during  the  Gulf 
War  period.  The  diagnoses  of  these  individuals  included  demyeli- 
nating  disease,  spinocerebellar  degeneration,  post-traumatic 
stress  syndrome,  multiphasic  motor  neuron  disease,  various  neu¬ 
ropathies  (ulnar,  diabetic,  sensorimotor),  familial  spastic  parapa¬ 
resis,  MS,  and  radiculopathy. 

Among  cases,  those  who  had  been  deployed  differed  from  those 
who  had  not  been  deployed  in  a  number  of  characteristics  (see 
table  1).  As  compared  to  nondeployed  cases,  deployed  cases  were 
younger  at  the  time  of  the  Gulf  War,  and  a  greater  proportion  was 
white,  from  the  Reserves  or  National  Guard,  or  in  the  Army, 
whereas  lower  proportions  were  in  the  Air  Force  or  Navy. 

Incidence  and  relative  risk  of  ALS.  The  average,  annual  cu¬ 
mulative  incidence  of  verified  ALS  among  the  entire  study  popu¬ 
lation  was  0.43  per  100,000  persons  (over  the  10-year  period 
beginning  August  2,  1990).  Average  annual  age-specific  rates  (per 
100,000  persons)  were  0.03  for  those  aged  under  25  years  at  time 
of  onset,  0.31  for  those  aged  25  to  34  years,  1.02  for  those  aged  35 
to  44  years,  4.99  for  those  aged  45  to  55  years,  and  13.84  for  those 
aged  55  to  64  years.  Those  individuals  who  had  been  deployed  to 
the  Gulf  Region  during  the  Gulf  War  period  had  almost  a  twofold 
greater  risk  of  ALS  relative  to  those  who  were  not  deployed  (table 
2).  Among  deployed  personnel,  a  significantly  elevated  relative 
risk  occurred  for  those  who  were  active  duty  military,  Air  Force, 


and  Army.  Elevated,  but  nonsignificant,  relative  risks  were  found 
for  deployed  Reserves/National  Guard,  Marine  Corps,  and  Navy 
personnel. 

Risk  difference  and  attributable  risk.  The  risk  difference  (ex¬ 
cess  risk)  associated  with  deployment  to  the  Gulf  Region  during 
the  Gulf  War  period  was  0.32  per  100,000  persons  per  year.  The 
attributable  risk  of  ALS  associated  with  deployment  was  18% 
(95%  CL  =  4.9%,  29.4%).  For  Air  Force  and  Army  personnel,  the 
attributable  risk  of  ALS  associated  with  deployment  was  19% 
(95%  CL  -  0.0%,  36.6%)  and  31%  (95%  CL  =  0.0%,  54.2%). 

Further  analyses.  Additional  analyses  were  conducted  to  de¬ 
termine  the  robustness  of  the  findings;  these  analyses  employed 
the  alternative  definitions  of  deployment  and  case  status.  Also,  to 
minimize  any  bias  from  cases  who  were  potentially  ill  before  the 
Gulf  War,  the  set  of  cases  was  restricted  to  those  who  had  disease 
onset  after  July  31,  1991;  that  is,  after  the  Gulf  War  period.  To 
assess  the  impact  of  sex  differences  between  the  deployed  and 
nondeployed  populations,  an  analysis  restricted  to  men  only  was 
also  performed.  We  also  conducted  an  analysis  restricted  to  cases 
without  a  family  history  of  ALS. 

When  the  case’s  self-report  of  deployment  status  was  used 
instead  of  DMDC-reported  status,  the  relative  risk  increased  for 
all  deployed  military  personnel,  for  those  within  each  unit  type 
(i.e.,  active  vs  Reserves/National  Guard),  and  for  those  within 
service  branches  except  for  Army,  which  decreased  slightly  (table 
3).  Significantly  elevated  risks  were  found  for  deployed  Navy  per¬ 
sonnel  and  Reserves/National  Guard  in  addition  to  all  active  duty 
military  and  Air  Force  personnel;  for  deployed  Army  personnel, 
the  relative  risk  was  of  borderline  significance  with  the  lower  95% 
CL  being  1.002. 

When  the  definition  of  case  status  was  restricted  in  terms  of 
diagnostic  certainty,  date  of  onset,  sex,  or  family  history  of  ALS,  a 
significant  elevation  of  risk  was  found  uniformly  for  all  deployed 
military  personnel  and  deployed  personnel  who  were  active  duty 
and,  with  a  few  exceptions,  elevated  risks  were  also  found  for 
deployed  military  personnel  in  the  Reserves/National  Guard,  Air 
Force,  and  Army  (table  4).  Analyses  involving  various  subsets 
(e.g.,  men  only  with  strict  criteria  or  men  only  with  onset  post- 
1991)  yielded  similar  findings.  As  an  additional  analysis,  those 
who  had  refused  to  participate  (n  =  24)  and  those  who  had  not 
provided  authorization  for  medical  record  access  (n  =  17)  were 
assumed  to  be  confirmed  cases  and  their  ages  at  onset  were  as¬ 
sumed  to  follow  the  distribution  of  the  107  confirmed  cases.  Again, 
deployment  to  the  Gulf  Region  was  associated  with  a  significantly 
elevated  risk  of  ALS  whether  DMDC-based  deployment  status 
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Table  3  Age-adjusted,  average,  annual  10-year  cumulative  incidence  ofALS  among  military  personnel  by  self-reported  deployment 
status  during  the  Gulf  War 

Self-reported  deployment  status 


Deployed,  n  =  696,118  Nondeployed,  n  -  1,786,215 


Population 

Population 

Cases 

Rate* 

Population 

Cases 

Rate* 

Risk  ratiof  (95%  CL) 

Total 

696,118 

49 

0.84  (0.60, 1.07) 

1,786,215 

58 

0.31 

(0.23,  0.38) 

2.74  (1.87,  4.01) 

Unit 

Active  duty 

587,426 

40 

0.99  (0.67, 1.31) 

1,646,926 

53 

0.29 

(0.21,  0.37) 

3.37  (2.21,  5.14) 

Reserves/National  Guard 

108,692 

9 

0.99  (0.33, 1.65) 

139,289 

5 

0.33 

(0.04,  0.61) 

3.05  (1.01,  9.16) 

Service  branch 

Air  Force 

82,639 

14 

1.82  (0.86,  2.78) 

523,763 

18 

0.34 

(0.18,  0.49) 

5.38(2.67,10.85) 

Army 

351,046 

20 

0.63  (0.35, 0.90) 

588,740 

21 

0.34 

(0.19,  0.48) 

1.85  (1.00,  3.43) 

Marine  Corps 

103,612 

4 

0.52  (0.00, 1.04) 

146,294 

5 

0.29 

(0.03,  0.55) 

1.77  (0.46,  6.76) 

Navy 

157,969 

11 

0.83  (0.33, 1.32) 

486,559 

14 

0.28 

(0.13,  0.42) 

2.99  (1.35,  6.61) 

*  Average  annual  rate  per  100,000  persons  during  the  10-year  period  beginning  August  2,  1990.  Total  study  population  used  as  the 
standard. 

t  Risk  ratio:  Risk  of  patients  with  ALS  given  deployment  to  the  Gulf  Region  during  the  Gulf  War;  nondeployed  Gulf-era  military  per¬ 
sonnel  are  the  referent  population. 

CL  =  confidence  limits. 


(RR  =  1.90;  95%  CL  =  1.36,  2.65)  or  self-reported  deployment 
status  (RR  =  2.91;  95%  CL  =  2.11,  4.03)  was  used. 

To  assess  the  potential  magnitude  and  impact  of  underascer¬ 
tainment  of  deployed  and  nondeployed  cases  on  the  overall  rela¬ 
tive  risk  associated  with  deployment,  a  capture-recapture  analysis 
was  conducted.  Capture-recapture  analysis  generates  an  estimate 
of  the  total  number  of  cases  in  a  population  based  on  the  overlap 
in  the  lists  of  identified  cases  derived  firom  multiple  data  sources; 
the  method  was  previously  used  in  a  study  of  ALS  in  France.13-14 
This  analysis  indicated  possibly  45  cases  among  deployed  military 
personnel  vs  the  40  identified  and  possibly  89  cases  among  the 
nondeployed  military  personnel  vs  the  67  identified.  The  resulting 


age-adjusted  relative  risk  was  1.62  (95%  Cl  =  1.13,  2.33),  indicat¬ 
ing  a  significantly  elevated  risk  of  ALS  among  the  deployed.  More¬ 
over,  as  an  alternative  approach  to  adjusting  for  possible 
underascertainment  of  cases  among  the  nondeployed,  cases  iden¬ 
tified  by  passive  ascertainment  methods  only  were  excluded.  This 
resulted  in  an  increase  in  the  age-adjusted  relative  risk  associated 
with  deployment  overall  (RR  =  2.16;  95%  CL  =  1.43,  3.24),  for 
active  duty  military  (RR  =  2.41;  95%  CL  =  1.52,  3.82),  Reserves/ 
National  Guard  (RR  =  3.01;  95%  CL  -  1.00,  9.06),  Air  Force 
(RR  =  2.69;  95%  CL  =  1.19,  6.08),  Army  (RR  =  2.27;  95%  CL  = 
1.21,  4.27),  Marine  Corps  (RR  =  1.47;  95%  CL  *=  0.33,  6.61),  and 
Navy  (RR  =  1.79;  95%  CL  -  0.73,  4.40). 


Table  4  Age-adjusted  risk  ratios*  ofALS  among  military  personnel  according  to  alternative  definitions  of  deployment  status  during  the 
Gulf  War  and  of  an  eligible  case 

DMDC-reported  Deployment  Status:  Self-reported  Deployment  Status: 


Population 

Strict  Diagnostic 
Criteria!  (n  -  86) 

Onset  Post-July 
1991  (n  =  91) 

Men  Only 
(n  -  105) 

Strict  Diagnostic 
Criteria!  (n  =  86) 

Onset  Post-July 
1991  (n  =  91) 

Men  Only 
(n  -  105) 

Total 

2.07!  (1-34, 3.19) 

1.84!  (1.20,  2.83) 

1.75!  d.17,  2.61) 

2.53!  (1.65,  3.87) 

2.67!  (1-77,  4.05) 

2.54!  (1.72,  3.73) 

Unit 

Active 

2.22!  (1-36,  3.63) 

2.01!  (1.23,  3.28) 

1.99!  d.26,  3.13) 

2.54*  (1.57, 4.12) 

3.14!  (1.97,  5.00) 

2.93!  G.90,  4.51) 

Reserves/National  Guard 

3.37!  (1-01, 11.27) 

2.73  (0.89,  8.40) 

2.17  (0.75,  6.31) 

8.55*  (1.85,  39.44) 

3.89!  G.19,  12.71) 

4.14!  (1.29, 13.31) 

Service  branch 

Air  Force 

3.06!  (1.40,  6.70) 

2.11  (0.91,  4.91) 

2.60!  (1.20,  5.62) 

4.64!  (2.23,  9.67) 

4.39!  (2.12,  9.05) 

4.97!  (2.48,  9.94) 

Army 

2.14!  (1.07, 4.30) 

2.69!  G-35,  5.38) 

1.78  (0.95, 3.35) 

2.15!  (1.07,  4.33) 

2.38!  (1.20,  4.74) 

1.79  (0.95,  3.37) 

Marine  Corps 

0.90  (0.16,  4.93) 

1.13  (0.27,  4.79) 

1.09  (0.26,  4.59) 

0.90  (0.16, 4.93) 

1.13  (0.27,  4.79) 

1.09  (0.26,  4.59) 

Navy 

1.92  (0.72,  5.15) 

0.99  (0.33,  3.00) 

1.41  (0.59,  3.40) 

2.42  (0.93,  6.27) 

2.71!  (1.09,  6.77) 

2.84!  d.28,  6.29) 

*  Risk  ratios  are  based  on  the  age-adjusted,  average  annual  cumulative  incidence  rate  per  100,000  persons  during  the  10-year  period  beginning  August  2, 
1990  among  deployed  and  nondeployed  military  personnel.  Total  study  population  used  as  the  standard.  Ratios  indicate  the  relative  risk  ofALS  among 
military  personnel  deployed  to  the  Gulf  Region  during  the  Gulf  War.  Nondeployed  military  Gulf-era  personnel  are  the  referent  population, 
t  Strict  diagnostic  criteria  are  defined  as  the  following  World  Federation  of  Neurology  criteria  of  diagnostic  certainty:  definite,  probable,  and  probable  with 
laboratory  evidence.  Deceased  cases  "with  ALS  as  an  underlying  cause  of  death  are  considered  definite  ALS. 
t  Risk  ratios  are  significantly  elevated  ip  <  0.05). 

DMDC  =  Defense  Manpower  Data. 
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Discussion.  An  almost  twofold  greater  risk  of  ALS 
was  found  among  military  personnel  who  had  been 
deployed  to  the  Gulf  Region  during  the  Gulf  War 
period.  The  attributable  risk,  or  proportion  of  the 
occurrence,  associated  with  deployment  to  the  Gulf 
Region  was  18%.  Deployed  personnel  in  the  Air 
Force  and  Army  also  experienced  a  significantly  ele¬ 
vated  relative  risk  of  ALS  of  approximately  two  or 
greater.  The  attributable  risk  was  19%  and  31%  for 
Air  Force  and  Army.  This  implies  that,  perhaps,  7  of 
the  40  occurrences  among  the  deployed  overall,  1  of  9 
occurrences  among  deployed  Air  Force,  and  6  of  21 
occurrences  among  deployed  Army  personnel  are  as¬ 
sociated  with  deployment.  The  relative  risks  were 
similar  when  cases  were  restricted  to  those  without  a 
familial  history  of  ALS,  those  who  met  more  strin¬ 
gent  WFN  criteria:  definite  or  probable  ALS,  those 
with  a  date  of  onset  after  the  Gulf  War  period,  those 
who  were  men,  or  combinations  of  these  characteris¬ 
tics.  The  relative  risks  were  generally  higher  when 
deployment  status  was  based  on  self-report  rather 
than  on  DMDC  records. 

It  should  be  noted  that  the  risk  ratios  were  ele¬ 
vated  in  all  subgroups,  including  Reserves  and  Na¬ 
tional  Guard,  Navy,  and  Marine  Corps,  but  these 
risk  ratios  lacked  significance.  This  is  a  likely  conse¬ 
quence  of  low  statistical  power  owing  to  the  rela¬ 
tively  small  number  of  cases  within  these  groups.  As 
an  epidemiologic  investigation  of  disease  occurrence 
in  a  specific  population,  the  size  of  the  population 
and  its  subgroups  were  predetermined  and  could  not 
be  modified  by  the  study  design.  Thus,  the  sample 
sizes  within  some  subgroups  may  have  been  subopti- 
mal  statistically  for  a  study  of  a  rare  disease.  How¬ 
ever,  the  inability  to  definitively  assess  statistically 
the  risk  within  some  subgroups  does  not,  per  se, 
invalidate  the  significant  risk  ratio  that  we  found  for 
all  deployed  military  personnel,  and  deployed  active 
duty  military,  Air  Force,  and  Army  personnel.  Low 
statistical  power  affects  primarily  the  precision  of 
the  point  estimate,  widening  the  CL.  With  continued 
surveillance,  additional  cases  may  be  identified  that 
may  yield  more  statistically  precise  rates  within 
subgroups. 

Previous  published  and  unpublished  studies  report 
findings  of  equivocal  interpretation  regarding  the  oc¬ 
currence  of  ALS  among  Gulf  War  veterans.1*3’13’14  A 
mortality  study  and  its  more  recent  update  indicated 
a  relative  risk  of  0.59  (95%  Cl  =  0.21,  1.66),  whereas 
a  study  of  hospitalized  patients  estimated  a  relative 
risk  of  1.66  (95%  Cl  =  0.62,  4.44).1’15’16  These  studies 
had  6  years  of  follow-up  for  a  disease  that  may  have 
an  incubation  period  of  10  years  or  longer.  Moreover, 
the  study  populations  did  not  include  all  at-risk  mil¬ 
itary  personnel;  the  hospital-based  study  included 
only  active  duty  military  personnel  and  the  mortality 
study  used  a  sample  of  nondeployed  military  person¬ 
nel.  Thus,  the  observed  differences  in  findings  may 
be  attributable  to  the  longer  follow-up  or  the  inclu¬ 
sion  of  the  entire  at-risk  population  used  in  this 
study.  Surveillance  continues  for  veterans  who  de¬ 


veloped  ALS  during  the  study  period,  as  well  as  for 
those  who  develop  the  disease  after  the  study  period. 

The  current  investigation  sought  to  identify  all 
occurrences  of  ALS  from  the  entire  population  at 
risk,  using  both  passive  and  active  case  ascertain¬ 
ment  strategies  and  multiple  sources.  The  majority 
of  cases  were  found  by  active  rather  than  passive 
ascertainment  methods  and  appeared  in  multiple 
sources.  Among  those  sources  was  the  DoD  medical 
retirement  database  where  nondeployed  cases  were 
likely  to  be  recorded  before  separation  from  service. 
Of  the  107  verified  cases,  only  1  (2.5%)  deployed 
case,  but  9  (13.4%)  nondeployed  cases,  were  identi¬ 
fied  solely  through  passive  ascertainment;  if  we  use 
the  larger  group  of  verified  and  unverified  cases,  ap¬ 
proximately  10%  of  both  deployed  and  nondeployed 
cases  were  identified  by  passive  methods  exclusively. 
Exclusion  of  these  cases — an  approach  to  adjusting 
for  underascertainment  among  the  nondeployed  mil¬ 
itary  personnel — yielded  higher  risk  ratios,  but  did 
not  alter  the  significance.  Because  active  ascertain¬ 
ment  was  restricted  to  VA  and  DoD  medical  data¬ 
bases,  those  cases  who  were  using  the  private  health 
sector  exclusively  would  not  be  identified  by  this 
approach. 

We  were  able  to  screen  for  eligibility  the  majority 
of  the  identified  potential  cases.  Only  40  of  the  iden¬ 
tified  516  potential  cases  could  not  be  contacted  and 
only  5  of  the  remaining  476  individuals  refused  to 
have  their  eligibility  verified.  Given  the  rarity  of  the 
disease  and  the  high  percentage  of  potential  cases 
who  had  an  unlikely  diagnosis  of  ALS  among  those 
who  were  screened,  there  is  a  low  probability  that  all 
or  even  most  of  these  46  individuals  represent 
missed  bona  fide  cases  of  ALS. 

Underascertainment  is  a  potential  bias  for  any 
epidemiologic  investigation;  this  is  most  serious 
when  it  differentially  affects  the  groups  of  interest, 
namely,  the  deployed  and  nondeployed  military  per¬ 
sonnel.  Individuals  who  were  deployed  may  have 
been  more  highly  motivated  to  be  identified  because 
of  the  potential  of  monetary  gain  either  through  liti¬ 
gation  or  service-connected  benefits.  However,  at  the 
time  of  this  investigation,  veterans  who  developed 
ALS  after  the  allowable  separation  period  (1  year) 
were  not  eligible  for  veteran  benefits  on  the  basis  of 
their  disease.  Thus,  cases  receiving  benefits  for  undi¬ 
agnosed  illness  and  who  were  subsequently  diag¬ 
nosed  with  ALS  more  than  1  year  after  separation 
from  service  could  potentially  lose  some  compensa¬ 
tion  benefits.  This  potential  risk  was  indicated  in  our 
consent  form,  a  requirement  of  the  involved  Institu¬ 
tional  Review  Boards  that  we  list  all  potential  risks 
associated  with  participating,  including  the  risk  of 
possible  loss  of  benefits  if  a  diagnosis  of  ALS  could 
change  eligibility  for  benefits.  In  several  instances 
(n  =  5),  eligible  potential  cases  refused  to  participate 
in  the  study  because  of  the  fear  of  potential  loss  of 
benefits.  Consequently,  the  rates  may  be  higher 
among  the  deployed  personnel  than  reported  here. 

Conversely,  one  might  speculate  that  more  of  the 
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nondeployed  cases  had  either  never  learned  of  the 
study  or  had  little  incentive  to  be  identified.  To  max¬ 
imize  awareness  of  the  study,  we  worked  with  the 
American  Academy  of  Neurology  to  publicize  the 
study  to  almost  11,000  practicing  neurologists  na¬ 
tionwide  to  whom  nondeployed  veterans  might  seek 
care.  Also,  through  a  national  media  campaign,  we 
alerted  the  larger  veteran  population  to  the  study. 
Our  success  in  these  efforts  was  evidenced  by  hun¬ 
dreds  of  letters,  e-mails,  and  telephone  calls  regard¬ 
ing  the  study  that  were  received  from  neurologists, 
veterans  whose  comrades  developed  the  disease,  and 
veterans  with  ALS  or  their  surviving  family  mem¬ 
bers.  In  many  instances,  the  veterans  with  ALS  had 
served  during  either  the  Vietnam  or  Korean  War  and 
a  few  had  served  during  the  Second  World  War,  add¬ 
ing  support  for  our  belief  that  we  reached  the  larger 
veteran  population. 

One  may  also  be  concerned  that,  although  nonde¬ 
ployed  veterans  and  active  duty  military  personnel 
were  made  aware  of  the  study,  they  may  not  have 
been  motivated  to  participate.  However,  we  received 
many  calls  from  patients,  and  their  families  and 
friends,  with  strong  interest  in  the  study  and  hope 
that  it  would  reveal  important  information  about  the 
cause  or  treatment  of  ALS.  But  it  is  also  notable  that 
30  potential  cases  refused  to  allow  screening  or 
record  review,  and  another  17  potential  cases  who 
screened  eligible  for  the  study  failed  to  respond  to 
contact  attempts  or  provide  their  records  for  review. 
These  were  evenly  distributed  among  the  deployed 
and  nondeployed  groups.  When  we  included  such  in¬ 
determinate  cases  as  confirmed  cases  in  our  analy¬ 
sis,  the  association  between  ALS  and  deployment 
persisted. 

Perhaps  more  compelling  evidence  in  support  of 
near-complete  ascertainment  of  cases  among  the 
nondeployed  is  found  in  their  rate  of  occurrence. 
When  standardized  to  the  1990  US  general  popula¬ 
tion,  the  average  annual  rate  of  ALS  among  the  non¬ 
deployed  military  population  was  1.4  per  100,000 
persons  per  year  as  compared  to  the  generally  ac¬ 
cepted  overall  population  rate  for  the  United  States 
of  1  to  2  per  100,000.  (For  comparison,  the  rate 
among  the  deployed  military  population,  when  stan¬ 
dardized  to  the  1990  US  general  population,  was  3.6 
per  100,000  persons  per  year.) 

Nonetheless,  it  is  unlikely  that  there  will  ever  be 
complete  certainty  that  all  cases  were  identified. 
Consequently,  we  also  conducted  a  capture-recapture 
analysis  to  generate  an  estimate  of  the  possible  mag¬ 
nitude  and  impact  on  the  relative  risk  of  underascer¬ 
tainment  of  cases  among  the  deployed  and 
nondeployed  military  personnel.  The  overall  risk  ra¬ 
tio  remained  significantly  elevated;  thus,  even  with 
correction  for  potential  underascertainment  of  cases, 
there  is  an  elevated  risk  of  ALS  among  those  de¬ 
ployed  to  the  Gulf  Region  during  the  Gulf  War. 

Beyond  detection  of  cases,  another  potential 
source  of  bias  is  the  determination  of  case  status. 
Although  the  study  neurologists  who  did  the  medical 
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record  reviews  were  not  explicitly  blinded  to  the  de¬ 
ployment  status  of  the  cases,  we  believe  that  any 
bias  is  minimal  and  likely  to  yield  conservative  re¬ 
sults.  Case  status  was  determined  by  two  indepen¬ 
dent  reviews  of  the  medical  record  (when  available) 
using  externally  established,  objective  criteria;  only 
10%  of  the  diagnoses  were  determined  from  the 
death  certificate  alone.  Moreover,  the  outcome  of  the 
review  process  indicated  a  more  stringent  review  of 
the  deployed  case  series.  Ten  of  the  15  subjects  de¬ 
termined  not  to  have  ALS  were  from  the  set  of  de¬ 
ployed  potential  cases  whereas  a  greater  number  of 
suspected  ALS  cases  was  included  among  the  nonde¬ 
ployed  case  series. 

Most  cases  of  sporadic  ALS  are  of  unknown  etiol¬ 
ogy;  only  about  10%  of  case  series  have  a  family 
history  of  ALS.  This  appears  to  be  the  experience  for 
this  case  series  as  well.  A  preliminary  analysis  of 
data  from  the  in-home  interviews  suggests  that  six 
cases,  of  which  two  were  deployed  to  the  Gulf  Region 
during  the  Gulf  War,  have  a  family  history  of  ALS. 
Potential  etiologies  must  be  viewed  to  include  ge¬ 
netic  predisposition  and  a  range  of  possible  environ¬ 
mental  exposures.17-23  Although  we  found  significant 
elevated  risks  for  two  service  branches — Air  Force 
and  Army — this  may  not  enable  researchers  to  nar¬ 
row  the  array  of  possible  risk  factors.  Elevated  risks 
were  also  found  for  deployed  Navy  and  Marine  Corps 
personnel  and  deployed  Reserves/National  Guard, 
but  these  lacked  significance,  most  likely  owing  to 
the  low  statistical  power,  as  discussed  previously. 
Clues  to  possible  risk  factors  may  be  gleaned  from 
the  analysis  of  data  from  the  in-home  interviews  of 
these  veterans  or  their  representatives.  Clues  may 
also  come  from  cross-comparison  of  the  self-reported 
data  with  the  array  of  environmental  risk  factors 
associated  with  the  specific  periods  of  the  veteran’s 
deployment  and  location  in  the  Gulf  Region  during 
the  Gulf  War.5 
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